The introduction of systems to facilitate the changing of vaporisers on the back bar of the anaesthetic machine has increased the risk of a vaporiser being tipped or inverted prior to attachment. The performance of three Ohmeda Tec 3 and three Ohmeda Tec 4 vaporisers following tipping to 30°, 90° and inversion to 180° was measured using a calibrated Datex Capnomac AGM-J03 analyser. Both types of vaporiser when switched off tolerated tipping and inversion without alteration of the anaesthetic concentration subsequently delivered. The same was true for the Tec 3 after tipping to 30° and 90° with the dial set at zero or above. However, after inversion of the Tec 3 vaporiser with the dial at zero or higher, the anaesthetic concentration delivered was much greater than shown on the dial, initially exceeding 12% for all agents. Should a Tec 3 vaporiser be inverted with the dial at any setting other than OFF, it is necessary to adequately flush it with fresh gas and check its output prior to use.
Cardiac arrest has been reported following the accidental administration of liquid volatile anaesthetic agents via the respiratory tract. Resuscitation following such an event is reported to be difficult, requiring the use of a fresh anaesthetic machine and circuit. 1-3 The introduction of connecting systems which enable the vaporiser to be changed between cases has greatly increased the likelihood of the vaporiser being tipped, shaken or inverted prior to its connection to the anaesthetic machine. The performance ofBOC Ohmeda Tec 3 and Tec 4 vaporisers following such events had not previously been studied. Therefore the following investigation was planned and executed. METHODS Three BOC Ohmeda Tec 3 and Tec 4 vaporisers, due for servicing, all fully charged with the appropriate agent, were tested serially. One of each model calibrated for isoflurane, enflurane and halothane, was studied.
The output of each vaporiser with the dial set at zero, one, three and five per cent was measured prior to any tipping. The steps listed in Table I were then performed for one minute on each Tec 3 vaporiser. It was returned to the back bar and the same series of measurements was performed following each step. Each reading was performed for a period of one minute. Tec 4 vaporisers cannot be taken off the Selectatec mount when switched on and when removed cannot be switched on; thus only steps I, 2, 3 and 10 were performed.
A fresh gas flow of oxygen at four litres per minute was run continuously during the test period on a CIG Medishield anaesthetic machine, fitted with a Selectatec@ backbar.
The volatile agent concentration was measured with a Datex Capnomac@ AGM-I03 anaesthetic gas analyser at a sample flow rate of 300 ml.min -1 and recorded on a Graphtec Linearecorder Mark VII linear recorder. A two-point calibration with two standard gas samples was performed at the beginning and conclusion of the test. (DATEX Calibration Gas, Datex Instrumentarium Corp., Helsinki, Finland; GAMBRO Standard Gas, Gambro, Sydney.)
Each experiment was performed at a constant temperature of 25°C and the prevailing barometric pressure.
RESULTS
The results are summarised in Table 2 . The output of neither Tec 3 nor Tec 4 vaporisers changed after any degree of tipping or inversion while the dial was set at OFF. There was no alteration to Tec 3 vaporisers output after tipping to 30° and 90° with dial settings at zero or above.
Step
4.
5. 6. 7. 8. 9. 10. 11. Shaking either type of vaporiser did not affect subsequent output regardless of the dial setting at the time of shaking.
After inversion of the Tec 3 vaporisers to 180· with the dial setting at zero or one per cent, there were large increases in output. The delivered concentration of volatile agent exceeded the limit (12%) of the analyser's range ( Figure I ). The measured concentration eventually returned to pre-test settings, which on one occasion took fifteen minutes.
An incidental finding was that the Tec 4 vaporisers demonstrated a brief (approximately ten seconds duration) spike above dial setting when, turned on. This occurs in the absence of tipping or shaking and was absent from the output of the Tec 3 under the same conditions ( Figure 2 ).
DISCUSSION
Inversion of vaporisers may allow liquid volatile agent to enter the gas delivery system. The maximum possible concentrations of volatile agent delivered after vaporisation at 2ye and one atmosphere could be as much as halothane 39%, enflurane 28% and isoflurane 38%.4 There is concern that concentrations approaching these levels may be delivered to the patient. The vaporisers used in this study were due for servicing according to the suppliers' recommendations, which indicates that they had been in service for at least one year. Each vaporiser was tested in sequence (described in Table I ) and output checked prior to testing. Each vaporiser therefore acted as its own control.
The output of anaesthetic vaporisers has been shown to vary under many conditions. These include changes in fresh gas flow, content of nitrous oxide, ambient temperature and others. By using a constant fresh gas flow of oxygen at four litres per minute at constant temperature, the effects of these confounding elements were minimised.
The Datex volatile agent monitor has been investigated previously and has been found accurate and reliable. 5 The Tec 4 vaporiser has a feature preventing removal of the vaporiser from the Selectatec fitting of the backbar when the dial is not in the OFF position. It is not possible to turn on a Tec 4 vaporiser which is not attached to the backbar without a deliberate manipulation of the mechanism. In these two aspects it differs from the Tec 3 vaporiser, consequently the Tec 4 was only tested after tipping and inversion with the dial set at OFF. When the Tec 3 vaporiser dial setting is at OFF, all the gas flows through the vaporiser bypass. The vapour outlet to the outer chamber is closed, preventing liquid anaesthetic entering the outer chamber on inversion. This differs from the zero dial setting where the vapour chamber inlet is closed, but the outer vapour chamber outlet is open, allowing liquid to enter the chamber on inversion.
As displayed in Figure 2 , the Tec 3 and Tec 4 vaporisers differ in their performance. If the Tec 4 vaporiser is turned off with a constant fresh gas flow running, the output after it is turned back on is characterised by an initial brief spike in concentration, regardless of dial setting. This was investigated and it was found that if the vaporiser had been turned off with no fresh gas flow allowing the vaporiser to depressurise, subsequent output did not display this feature.
The operator manuals for both Tec 3 and Tec 4 vaporisers contains the advice that the vaporiser is to be kept upright at all times. 6 Clearly the manufacturer's directions on handling vaporisers must be observed. Tipping or inversion of either the Tec 3 or Tec 4 vaporiser in the OFF position in this investigation has shown that there is no alteration to the subsequent performance.
A more serious situation exists if the Tec 3 vaporiser has been inverted with the dial set at a value of zero or one per cent. Should this occur it is vital that the vaporiser be flushed with fresh gas and the output checked prior to use.
